To assess the relationship between preeclampsia or eclampsia and stroke, myocardial infarction (MI), subsequent cardiovascular outcomes, and longterm survival.
W
omen who have had preeclampsia or eclampsia are at increased risk for cardiovascular (cardiovascular) disease compared with pregnant women without preeclampsia or eclampsia. [1] [2] [3] Studies have linked preeclampsia or eclampsia with later life myocardial infarction (MI), 1,4 -7 stroke, 5,8 -12 death, 6, 11, 13 and coronary heart disease. 14, 15 Data are lacking on the long-term cardiovascular outcomes of women with preeclampsia or eclampsia who experienced a first MI or stroke during or after hospitalization for preeclampsia or eclampsia. The purpose of this study was to assess the subsequent occurrence of MI, stroke, or cardiovascular death after the first admission of MI and stroke in these women. using the Myocardial Infarction Data Acquisition System and were followed-up for cardiovascular outcomes and survival.
The objective was to assess the relationship between the medical conditions of preeclampsia or eclampsia, stroke, and MI by assessing cardiovascular outcomes. We compared four groups (Fig. 1) . In analysis 1, we estimated the effect of preeclampsia or eclampsia by comparing women with preeclampsia or eclampsia (case 1) with a first MI and stroke diagnosis when the MI and stroke event occurred either on admission for preeclampsia or eclampsia or afterward and women without documented preeclampsia or eclampsia and a first MI and stroke (control 1). To estimate the effect of a first MI and stroke event accompanying preeclampsia or eclampsia, we conducted analysis 2, which further evaluated all women with preeclampsia or eclampsia by comparing women with preeclampsia or eclampsia with a first MI and stroke on admission for preeclampsia or eclampsia only (pregnancy-related), which represented the most severe case (case 2) and women with preeclampsia or eclampsia and no MI or stroke on preeclampsia or eclampsia admission (control 2). We compared the occurrence of the subsequent combined cardiovascular outcomes in these four groups defined as the first occurrence of hospital admission for MI or stroke or death attributable to a cardiovascular cause. The two case groups were matched to the respective control groups by age and year of discharge from the hospital. In each analysis, separate assessments were performed for MI and stroke. Women in all groups were followed-up for up to16 years in the Myocardial Infarction Data Acquisition System database.
Our data source was the Myocardial Infarction Data Acquisition System, which contains hospital records of all patients admitted to nonfederal hospitals in New Jersey with a cardiovascular disease diagnosis or procedure. The information from the Myocardial Infarction Data Acquisition System database including the diagnoses has been previously validated using a random sample of 726 medical charts. 16, 17 In addition, a random chart review performed for patients with stroke showed 89.5% specificity for diagnosis of stroke. The New Jersey State Institutional Review Board and the University of Medicine and Dentistry of New Jersey Institutional Review Board approved the study with waiver of consent.
The selection of case and control group participants included a total of 6,628 women (13- Figure 1 . An ICD-9-CM code of 410 was used to identify a diagnosis of MI, whereas ICD-9-CM codes 430, 431, 433.X1, 434.X1, 437.4, and 437.6 were used to identify stroke. Up to three control group participants were selected from the eligible pool by matching to the case group participant's age and year of discharge. If a control group participant of the same age or discharge year as the case group participant was not available, then a control group participant Ϯ2 years in age or discharge year was selected. In MI and stroke analyses, case group participants with MI and stroke diagnoses and history of malignant neoplasm before the preeclampsia or eclampsia admission were excluded. Patient characteristics included age, race, primary insurance, and source of admission, which were available in the Myocardial Infarction Data Acquisition System database. We examined the presence of the comorbid conditions recorded either at or before the admission for the first or index event using ICD-9-CM codes for diabetes mellitus, renal disease, cardiac dysrhythmia, anemia, obesity, hyperlipidemia, systemic lupus erythematosus, and hypercoagulable state. We also examined the presence of chronic hypertension recorded before the preeclampsia or eclampsia admission using ICD-9-CM codes.
The ascertainment of death was obtained from death information (date and cause of death) by matching the Myocardial Infarction Data Acquisition System records to New Jersey death registration files using a public automated and previously validated record linkage and consolidation software (The Link King). 18 Deaths were classified into two categories: cardiovascular death and noncardiovascular death.
In both analyses, time to the combined cardiovascular outcome (MI, stroke, cardiovascular death) was calculated as the number of days from the index event date to the admission date of the cardiovascular outcome (MI or stroke) or the date of death, whichever occurred first. If a case group participant or control group participant did not experience any of the cardiovascular outcomes or death, then she was followed-up from the index event to December 31, 2009 . In addition to the combined cardiovascular outcome, time to the individual components of the combined cardiovascular outcome (admission for MI, admission for stroke, cardiovascular death) was separately calculated as the number of days from the index event to the occurrence of the cardiovascular outcome. When the outcome of interest was MI or stroke, women who died of any cause before experiencing that outcome were censored on the date of their death. When the outcome of interest was cardiovascular death, patients who died of noncardiovascular-related causes were censored on the date of their death.
Patient characteristics and the frequencies of each outcome were summarized by case or control status in each analysis group. Event rates were calculated using Cox proportional hazards regression models. Models were adjusted for race, primary insurance, obesity, and history of diabetes mellitus in analysis 1, and for race, primary insurance, and obesity in analysis 2. The reason for adjustments was to avoid bias in the comparison of case and control group participants because their baseline characteristics differed between the groups. The Cox models also were adjusted for the matching by stratifying by age and discharge year. In each Cox model, event rates were compared between case and control group participants through a hazard ratio (HR) with 95% confidence intervals (CIs), and the Kaplan-Meier survival product limit estimates for the "combined cardiovascular outcome" were plotted over time separately for case and control group participants. In both analysis 1 and analysis 2, a sensitivity analysis was performed by replacing cardiovascular deaths with all-cause deaths to explore whether this change had an effect on the outcome. We conducted two additional analyses: a subgroup analysis to explore the potential difference in event rates between younger and older women, using the median age as the cut-off, and an analysis of the risk of admission for heart failure separately and as part of the combined cardiovascular outcome. The results of the latter sensitivity analyses are presented in the Appendix (available online at http://links.lww.com/ AOG/A318). All statistical analyses were performed using SAS/STAT software 9.3.
RESULTS
Analysis 1 included comparison of case group participants with preeclampsia or eclampsia and anytime occurrence of a first MI and stroke with control group participants with a first MI and stroke and without a documented history of preeclampsia or eclampsia. Patient characteristics are presented in Table 1 . A higher percentage of control group participants in both the MI and stroke study groups were admitted from an emergency department compared with case group participants. In the MI study group, as well as in the stroke group, a higher percentage of control group participants had a history of diabetes mellitus, renal disease, obesity, and anemia compared with the case group participants. The majority of women had commercial insurance.
Results of the frequencies and adjusted risk of the cardiovascular outcomes among case and control group participants for the MI and stroke study groups are presented in Table 2 . In the MI study group, none of the outcomes were significantly different between case and control group participants after adjusting for covariates. Figure 2A shows that there were no significant differences in the combined cardiovascular outcome-free survival among case and control group participants (Pϭ.23). In the stroke study group, control group participants were at significantly higher risk for the combined cardiovascular outcome with allcause and cardiovascular deaths compared with case group participants (for all-cause deaths: absolute risk in case group participantsϭ0.167, absolute risk in control group participantsϭ0.338, absolute risk differenceϭ0.171, number needed to treatϭ5.8; for cardiovascular deaths: absolute risk in case group participantsϭ0.106, absolute risk in control group participantsϭ0.235, absolute risk differenceϭ0.129, number needed to treatϭ7.7). Figure 2B shows that control group participants had a significantly lower combined cardiovascular outcome-free survival rate compared with case group participants (Pϭ.04). Results of the analysis by age groups indicated that when the analyses for the MI study group were performed separately for younger (39 years or younger) and older (older than 39 years) women, MI control group participants from the younger age group were at significantly higher risk for all-cause deaths (HR 5.91, 95% CI 1.31-26.67) and the combined cardiovascular outcome with all-cause deaths (HR 4.26, 95% CI 1.23-14.8) than case group participants. No significant differences in the outcomes were observed between case group participants and control group participants older than age 39 years. In the stroke study group, control group participants were at significantly higher risk for all-cause death (HR 2.36, 95% CI 1.01-5.52) and for the combined cardiovascular outcome with all-cause deaths (HR 2.67, 95% CI 1.23-5.82) than case group participants in the younger age group (33 years or younger), whereas older control group participants (older than 33 years) were at significantly higher risk for cardiovascular deaths (HR 8.02, 95% CI 1.02-63.01) and In analysis 2, comparison of case group participants with preeclampsia or eclampsia and a first (pregnancy-related) MI and stroke on the same admission with control group participants with preeclampsia or eclampsia but without a pregnancyrelated MI and stroke on the same admission was performed. Results of patient characteristics indicated a higher percentage of case group participants in the MI and stroke study groups were admitted from an emergency department compared with control group participants ( Table 1) . A higher percentage of case group participants had a history of anemia in the MI study group compared with control group participants, whereas a higher percentage of control group participants had a history of cardiac dysrhythmia compared with case group participants in the stroke study group.
Results of cardiovascular outcomes indicated that for the MI group, there were no stroke admissions or deaths in both case group participants and control group participants. None of the outcomes was significantly different between the case group participants and the control group participants after adjusting for covariates (Table 2 ). Figure 2C shows that there were no significant differences in the combined cardiovascular outcome-free survival among case group participants and control group participants. In the stroke study group, case group participants were at significantly higher risk for all-cause death and the combined cardiovascular outcome with all-cause deaths compared with control group participants (for allcause deaths: absolute risk in case group participantsϭ0.111, absolute risk in control group partici- Kaplan-Meier survival estimates for the cumulative combined cardiovascular outcome for case 1 (nϭ57) and control 1 (nϭ155) group women in the myocardial infarction (MI) study group. P value is based on adjusted Cox regression model. B. Kaplan-Meier survival estimates for the cumulative combined cardiovascular outcome for case 1 (nϭ132) and control 1 (nϭ379) group women in the stroke study group. P value is based on adjusted Cox regression model. C. Kaplan-Meier survival estimates for the cumulative combined cardiovascular outcome for case 2 (nϭ23) and control 2 (nϭ67) group women in the MI study group. P value is based on adjusted Cox regression. D. Kaplan-Meier survival estimates for the cumulative combined cardiovascular outcome for case 2 (nϭ90) and control 2 (nϭ263) group women in the stroke study group. P value is based on adjusted Cox regression model. NA, not applicable; model could not be fitted.
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pantsϭ0.019, absolute risk differenceϭ0.092, number needed to treatϭ10.9; for the combined cardiovascular outcome with all cause deaths: absolute risk in case group participantsϭ0.111, absolute risk in control group participantsϭ0.027, absolute risk differenceϭ0.084, number needed to treatϭ11.9). However, case group participants were not significantly different from control group participants with respect to the combined cardiovascular outcome with cardiovascular deaths (Fig. 2D) . Results of the analysis by age groups showed that none of the outcomes was significantly different between the case group participants and the control group participants for either the younger (34 years or younger) or the older (older than 34 years) MI study group. In the younger stroke study group (31 years or younger), case group participants were at significantly higher risk for all-cause death (HR 10.5, 95% CI 2.1-53.0), the combined cardiovascular outcome with allcause deaths (HR 6.82, 95% CI 1.67-27.83), and the combined cardiovascular outcome with cardiovascular deaths (HR 14.04, 95% CI 1.53-129.34) compared with control group participants. No significant differences in the outcomes were observed between case group participants and control group participants in the older age group (older than 31 years).
DISCUSSION
A history of preeclampsia is a risk factor for coronary artery disease, MI, and cardiovascular death. 6, 19 The link between a higher risk of cardiovascular disease in later life in women with preeclampsia (PE) was suggested in a previous study 20 that reported an increased prevalence of previous preeclampsia or eclampsia in women who had later experienced an MI. 20 Our study indicates that preeclampsia or eclampsia not complicated by MI or stroke during that pregnancy may not confer a very high risk for subsequent MI and stroke in up to 16 years of follow-up. Regarding stroke risk, our data suggest that other known risk factors for stroke put women at greater risk for stroke than preeclampsia or eclampsia complicated by a stroke.
Studies examining long-term effects of preeclampsia or eclampsia suggest more adverse cardiovascular outcomes 5,8 -10,12,14 that our study did not address. Taiwanese cohort studies of women using an index date 90 days before delivery 8 resulted in a significantly higher risk of stroke during pregnancy and in the first postpartum year, 8 as well as a significantly higher risk of major adverse cardiovascular events (MI and stroke) during pregnancy with continuing significant risk to more than 36 months postpartum. 5 However, these studies did not compare women without preeclampsia or eclampsia who had stroke. The risks of cardiovascular sequelae in women with preeclampsia or eclampsia cannot be dismissed. The relationship and etiology of PE and cardiovascular disease are complex and characterized by several markers, including endothelial dysfunction, 12, [21] [22] [23] [24] metabolic abnormalities, oxidative stress, enhanced inflammatory response, hypercoagulability, 25 arterial stiffness, 23 and common molecular biomarkers. 26 The Stroke Prevention in Young Women study showed that women who had a history of PE were 60% more likely to have a remote nonpregnancy-related ischemic stroke than those without a history of PE. 9 Pregnancy-related acute MI may convey significant maternal morbidity and mortality in women. 7 Our study does not include women without preeclampsia or eclampsia and without MI for comparison. In our study, women with preeclampsia or eclampsia with an index stroke were at significantly higher risk for all-cause death and the combined cardiovascular outcome (with all-cause death) compared with women with preeclampsia or eclampsia without index stroke.
Limitations in our study include a lack of patientlevel data on typical cardiac-related risk factors (eg, high cholesterol, medications, smoking, blood pressure, and blood transfusions), 27 and there was no information pertaining to the trimester in which the women in our study with preeclampsia or eclampsia had diagnoses and delivered. Early PE (less than 34 weeks) appears to be more related to the development of a markedly altered cardiovascular response (probably initiated by a placental disorder factor), which has implications for cardiovascular disease sequelae. 25,28 -31 Our study design cannot generate incidence data, and data were collected retrospectively. 32 Case-control studies may prove an association, but they do not demonstrate causation. 32 We did not have data on the control group participants (control 1) relating to their pregnancy history. 2 Another methodologic limitation with this study is that we used only ICD-9 codes. Because some of our preeclampsia or eclampsia case group participants may have had preexisting hypertension, we included only the diagnosis of preeclampsia or eclampsia in the study.
The strengths of the study include the size of the population studied and the 16-year time interval on data from patients admitted to all nonfederal hospitals in New Jersey. Our results confirm the supposition that women with preeclampsia or eclampsia but without index stroke have a lower risk of all-cause deaths than women with preeclampsia or eclampsia with an index stroke. The rates of subsequent MI and stroke events were much lower in our case group participants and control group participants from analysis 1 than those observed for the general population in the state (for MI: rate in case group participants 5.3% and rate in control group participants 9.7%, compared with general population 17.7%; for stroke: rate in case group participants 3.8% and rate in control group participants 11.6%, compared with rate in general populationϭ11.9%). This may be attributable to the older age of patients in the general population experiencing these conditions (median age for MI 69 years, median age for stroke 75 years).
A follow-up study is needed to compare control 2 group women with matched groups of normotensive pregnant women in the general population whose information is not presently in the Myocardial Infarction Data Acquisition System database. To better understand the relationship between cardiovascular events during pregnancy and later life cardiovascular sequelae, clinicians should consider including a more detailed preeclampsia or eclampsia history in all previously pregnant women. 29 In conclusion, one of the most important findings of our study is that women with preeclampsia or eclampsia but without an index stroke have lower risk of cardiovascular outcomes than women with preeclampsia or eclampsia with an index stroke. Women with preeclampsia or eclampsia and an index MI and stroke fare better than those with an MI and stroke without preeclampsia or eclampsia. This finding may be attributable to increased comorbidities in the control group. These data lend support to the designation of preeclampsia as a risk factor for cardiovascular disease in women by the American Heart Association Effectiveness-Based Guidelines for the Prevention of Cardiovascular Disease in Women-2011 Update. 29 
